This study tested the hypothesis that hypocapnia superimposed upon hypotension produces a further reduction in cerebral blood flow velocity (CBFV) 
Despite the great improvements in the survival of premature infants, there are reports of increasing numbers of handicapped survivors with cerebral palsy.' 2 The most important neuropathological lesion associated with spastic diplegia in premature infants is periventricular leucomalacia. This is a bilateral cerebral lesion in the white matter furthest from the arterial blood supply. The aetiology is not fully understood and no treatment has been shown to be effective in preventing periventricular leucomalacia. On theorectical grounds, it is likely that hypotension is an important causative factor but the occurrence of periventricular leucomalacia is not consistently associated with hypotension.3 There must be other aetiological factors.
It has been proposed that a very low arterial carbon dioxide tension (Paco2) (hypocapnia) may be important in the aetiology of ischaemic brain damage in newborns. 4 When blood pressure is normal, raising Paco2 increases cerebral blood flow and decreasing Paco2 decreases cerebral blood flow. When blood pressure falls, the brain tries to maintain blood flow by progressively vasodilating and eventually becomes maximally vasodilated. If In this study we tested the hypothesis that hypocapnia superimposed upon hypotension in the newborn can further reduce cerebral blood flow velocity and thereby increase the risk of cerebral ischaemia. None of the previous papers on hypocapnia, hypotension, and cerebral blood flow have dealt with newborns and the study would be unethical in human infants. The newborn piglet was chosen as the experimental model because of the great similarities in cardiovascular and respiratory systems, cerebral circulation, and body size between the piglet and human infant.
Methods
The experiments were performed on 12 newborn piglets aged from 12 hours to 3 5 days and weighing 1 1 to 2-8 kg, which were kept with the sow until three hours before the experiment started. Venous access was secured during brief ether anaesthesia. An initial dose of 50 mg/kg of chloralose and 250 mg/kg urethane was given during 15 minutes and followed by a continuous infusion of 12-5 mg/kg/hour chloralose and 62 mg/kg/hour of urethane throughout the experiment. Maintenance fluid as 5% dextrose was given at 7-5 ml/kg/hour. A rectal temperature of 39°C was maintained by a heating pad and overhead heater.
A tracheostomy was performed and each piglet was paralysed with pancuronium 0-2 mg/ kg intravenously and mechanically ventilated with 25-30% oxygen during surgery, care being taken to avoid any hypoxaemia. Both umbilical arteries and the umbilical vein were catheterised in piglets less than 48 hours old. In slightly older piglets a femoral artery and subclavian vein were catheterised. These catheters were used for blood sampling, continuous arterial pressure recording, and infusion of fluids and drugs. In five animals a catheter was inserted into the right internal jugular vein with the tip just below the brain and in two animals a catheter was inserted into the sagittal sinus. These catheters were used for hypoxanthine and lactate blood sampling. Blood samples were separated within one minute and plasma kept frozen until hypoxanthine was measured by high precision liquid chromatography. 15 Figure 5 shows that jugular venous or sagittal sinus plasma hypoxanthine concentration showed no significant increase during either normotensive hypocapnia or hypotensive hypocapnia. In the seven animals examined there was an increase in plasma hypoxanthine as the FigureS Serialplasmahypoxanthineconcentrationsinblooddrainingthebrain, eitherfrom thejugularvein(fivepiglets)orfrom thesagittalsinus(twopiglets). Numbers onXaxisindicatesamplesbefore(l)andduring(2)normotensivehypocapnia, before(3)and during(4)haemorrhagichypotensionand before (5)andduring (6)hypotensive hypocapnia. Therewas nochange inplasma hypoxanthineduringeithernormotensive (2 v1) orhypotensive(6 v5) hypocapnia. Therewasa significantincrease in hypoxathine afterthehaemorrhage(5v3, p60-005).
10- Figure 6 Plasma lactate concentration draining the brain via the sagittal sinus (two piglets). There was a definite increase in lactate during normotensive and hypotensive hypocapnia.
arterial pressure fell with blood loss. Figure 6 shows that sagittal sinus plasma lactate concentration increased during normotensive and hypotensive hypocapnia. (fig 2) . This finding suggests that the cerebral circulation was already maximally vasodilated during hypotension. Do our findings mean that overventilation is harmless? Not necessarily. The anecdotal observations of an association between hypocapnia and subsequent neurological impairment may be due, not to a direct effect of hypocapnia on the cerebral circulation, but to the pressure effect of hyperventilation on the circulation. We observed that hyperventilation produced a median drop in MAP of 12 mm Hg. A fall in blood pressure of such magnitude combined with the Bohr effect on oxygen-haemoglobin dissociation could certainly impair cerebral oxygenation in a critically ill infant. We have previously described how increases in ventilator pressure can reduce CBFV in newborn infants. 6 If the infant's lungs are relatively compliant the ventilator pressure will be transmitted to the circulation thus producing a resistance to venous return to the right atrium, which would tend to reduce cardiac output. In addition, increased jugular venous pressure constitutes a resistance to cerebral blood flow.
In conclusion, the cerebral circulation of the hypotensive newborn piglet does not vasoconstrict in response 
